Introduction 48 infected and forty times the number for the recovered cases, while keeping constant the 49 March 5, 2020 2/28 number of deaths that is more likely to be closer to the real number. Furthermore, by 50 calibrating the parameters of the SIRD model to fit the reported data, we also provide 51 tentative forecasts until the 29th of February. 52 The basic reproduction number (R 0 ) is one of the key values that can predict 53 whether the infectious disease will spread into a population or die out. R 0 represents 54 the average number of secondary cases that result from the introduction of a single 55 infectious case in a totally susceptible population during the infectiousness period. 56 Based on the reported data of confirmed cases, we provide estimations of the R 0 from 57 the 16th up to the 20th of January in order to satisfy as much as possible the 58 hypothesis of S ≈ N that is a necessary condition for the computation of R 0 .
59
We also provide estimations of the case fatality (γ) and case recovery (hatβ) ratios 60 over the entire period using a rolling window of one day from the 11th of January to the 61 16th of January to provide the very first estimations. 62 Furthermore, we calibrated the parameters of the SIRD model to fit the reported 63 data. We first provide a coarse estimation of the recovery (β) and mortality rates (γ) of 64 the SIRD model using the first period of the outbreak. Then, an estimation of the 65 infection rate is accomplished by "wrapping" around the SIRD simulator an 66 optimization algorithm to fit the reported data from the 11th of January to the 10th of 67 February. We have start our simulations with one infected person on the 16th of 68 November, which has been suggested as a starting date of the epidemic, run the SIR 69 model until the 10th of February . Below, we describe analytically our approach. 70 Let us start by denoting with S(t), I(t), R(t), D(t), the number of susceptible, 71 infected, recovered and dead persons respectively at time t in the population of size N . 72 For our analysis, we assume that the total number of the population remains constant. 73 Based on the demographic data for the province of Hubei N = 59m. Thus, the discrete 74 SIRD model reads:
R(t) = R(t − 1) + βI(t − 1) (3) D(t) = D(t − 1) + γI(t − 1) (4)
The above system is defined in discrete time points t = 1, 2, . . ., with the 76 corresponding initial condition at the very start of the epidemic: S(0) = N − 1, 77 I(0) = 1, R(0) = D(0) = 0. Here, β and γ denote the "effective/apparent" the per day 78 recovery and fatality rates. Note that these parameters do not correspond to the actual 79 per day recovery and mortality rates as the new cases of recovered and deaths come 80 from infected cases several days back in time. However, one can attempt to provide 81 some coarse estimations of the "effective/apparent" values of these epidemiological 82 parameters based on the reported confirmed cases using an assumption and approach 83 described in the next section. parameters of the SIRD model as:
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Lets us denote with ∆I(t) = I(t) − I(t − 1), ∆R(t) = R(t) − R(t − 1), 91 ∆D(t) = D(t) − D(t − 1), the reported new cases of infected, recovered and deaths at 92 time t, with C∆I(t), C∆R(t), C∆D(t) the cumulative numbers of confirmed cases at 93 time t. Thus:
where, X = I, R, D.
95
Let us also denote by ∆X(t) the t × 1 column vector containing all the reported new 96 cases up to time t. Let us also denote by 97 C∆X(t) = [C∆X(1), C∆X(2), · · · , C∆X(t)] T , the t × 1 column vector containing the 98 corresponding cumulative numbers up to time t. On the basis of Eqs.(2), (3), (4), one 99 can provide a coarse estimation of the parameters R 0 , β and γ as follows.
100
Starting with the estimation of R 0 , we note that as the province of Hubei has a 101 population of 59m, one can reasonably assume that for any practical means, at least at 102 the beginning of the outbreak, S ≈ N . By making this assumption, one can then 103 provide an approximation of the expected value of R 0 using Eq.(5) and Eq.(2), Eq.(3), 104 Eq.(4). In particular, substituting in Eq.(2), the terms βI(t − 1) and γI(t − 1) with 105 ∆R(t) = R(t) − R(t − 1) from Eq.(3), and ∆D(t) = D(t) − D(t − 1) from Eq.(4) and 106 bringing them into the left-hand side of Eq.(2), we get:
Adding Eq.(3) and Eq.(4), we get:
Finally, assuming that for any practical means at the beginning of the spread that 109 S(t − 1) ≈ N and dividing Eq.(7) by Eq.(8) we get:
Note that one can use directly Eq.(9) to compute R 0 with regression, without the 111 need to compute first the other parameters, i.e. β, γ and α.
112
At this point, the regression can be done either by using the differences per se, or by 113 using the corresponding cumulative functions (instead of the differences for the 114 calculation of R 0 using Eq.(9)). Indeed, it is easy to prove that by summing up both 115 sides of Eq. (7) and Eq.(8) over time and then dividing them, we get the following 116 equivalent expression for the calculation of R 0 .
Here, we used Eq. (10) to estimate R 0 in order to reduce the noise included in the 118 differences. Note that the above expression is a valid approximation only at the 119 beginning of the spread of the disease.
120
Thus, based on the above, a coarse estimation of R 0 and its corresponding 121 confidence intervals can be provided by solving a linear regression problem using 122 least-squares problem as:
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The prime ( ) is for the transpose operation.
124
Estimation of the case fatality and case recovery ratios for the 125 period January11-February 10 126
Here, we denote byβ) the recovery and byγ the case fatality ratios. Several approaches 127 have been proposed for the calculation of the case fatality ratio (see for example the China [18] for estimating the mortality ratio for the COVID-19 and also the discussion 130 in [19] ). Here, we adopt the one used by the NHC.
131
Thus, a coarse estimation of case fatality and recovery ratios for the period under 132 study can be calculated using the reported cumulative infected, recovered and death 133 cases, by solving a linear regression problem, which for the case fatality ratio reads:
and in a (loose) analogy for the case recovery ratio reads:
As the reported data are just a subset of the actual number of infected and 136 recovered cases including the asymptomatic and/or mild ones, we have repeated the 137 above calculations considering twenty times the reported number of infected and forty 138 times the reported number of recovered in the population, while leaving the reported 139 number of deaths the same given that their cataloguing is close to the actual number of 140 deaths due to COVID-19.
141
Estimation of the "effective" SIRD model parameters 142 Here we note that the new cases of recovered and deaths at each time time t appear 143 with a time delay with respect to the actual number of infected cases. This time delay is 144 generally unknown but an estimate can be given by clinical studies. However, one could 145 also attempt to provide a coarse estimation of these parameters based only on the 146 reported data by considering the first period of the outbreak and in particular the 147 period from the 11th of January to the 16th of January where the number of infected 148 cases appear to be constant. Thus, based on Eqs. (3)-(4), and the above assumption, 149 the "effective" per day recovery rate β and the "effective" per day mortality rate γ were 150 computed by solving the least squares problems (see Eq. (2, 4) :
and
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As noted, these values do not correspond to the actual per day mortality and 153 recovery rates as these would demand the knowledge of the corresponding time delays. 154 Having estimated the above "effective" approximate values of the parameters β and γ, 155 an approximation of the "effective" infected rate α, that is not biased by the 156 assumption of S = N can be obtained by using the SIRD simulator. In particular, in 157 the SIRD model, the values of the β and γ parameters were set equal to the ones found 158 using the reported data solving the corresponding least squares problems given by 159 Eq. (14), (15) . As initial conditions we have set one infected person on the 16th of 160 November and run the simulator until the last date for which there are available data 161 (here up to the 10th of February). Then, the optimal value of the infection rate α that 162 fits the reported data was found by "wrapping" around the SIRD simulator an 163 optimization algorithm (such as a nonlinear least-squares solver) to solve the problem: 164
where
where, C∆X SIRD (t), (X = I, R, D) are the cumulative cases resulting from the 165 SIRD simulator at time t; w 1 , w 2 , w 3 correspond to scalars serving in the general case as 166 weights to the relevant functions. For the solution of the above optimization problem we 167 used the function "lsqnonlin" of matlab [20] using the Levenberg-Marquard algorithm. 168
Results

169
As discussed, we have derived results using two different scenarios (see in Methodology). 170 For each scenario, we first present the results for the basic reproduction number as well 171 as the case fatality and case recovery ratios as obtained by solving the least squares 172 problem using a rolling window of an one-day step. For their computation, we used the 173 first six days i.e. from the 11th up to the 16th of January to provide the very first 174 estimations. We then proceeded with the calculations by adding one day in the rolling 175 window as described in the methodology until the 10th of February. We also report the 176 corresponding 90% confidence intervals instead of the more standard 95% because of the 177 small size of the data. For each window, we also report the corresponding coefficients of 178 determination (R 2 ) representing the proportion of the variance in the dependent 179 variable that is predictable from the independent variables, and the root mean square of 180 error (RMSE). The estimation of R 0 was based on the data until January 20, in order 181 to satisfy as much as possible the hypothesis underlying its calculation by Eq.(9).
182
Then, as described above, we provide coarse estimations of the "effective" per day 183 recovery and mortality rates of the SIRD model based on the reported data by solving 184 the corresponding least squares problems. Then, an estimation of the infection rate α 185 was obtained by "wrapping" around the SIRD simulator an optimization algorithm as 186 described in the previous section. Finally, we provide tentative forecasts for the 187 evolution of the outbreak based on both scenarios until the end of February. also reflected in the corresponding confidence intervals. As more data are taken into 201 account, this variation is significantly reduced. Thus, using all the available data from 202 the 11th of January until the 10th of February, the estimated value of the case fatality 203 ratioγ is ∼ 3.2% (90% CI: 3.1%-3.3%) and that of the case recovery ratioβ is ∼ 0.054 204 (90% CI: 0.049-0.060). It is interesting to note that as the available data become more, 205 the estimated case recovery ratio increases significantly from the 31th of January (see is the (which was not peer-reviewed) The copyright holder for this preprint . https://doi.org/10.1101/2020.02. 11.20022186 doi: medRxiv preprint rates of the SIRD model were γ ∼ 0.01 and β ∼ 0.063 (corresponding to a recovery 211 period of ∼ 15 d). Note that because of the extremely small number of the data used the 212 confidence intervals have been disregarded. Instead, for the our calculations to construct 213 lower and upper bounds, we have considered intervals of 20% around the expected least 214 squares solution. Hence, for γ we have taken the interval (0.008 and 0.012) and for β, 215 we have taken the interval between (0.05 0.076) corresponding to recovery periods from 216 13 to 20 days. As described in the methodology, we have also used the SIRD simulator 217 to provide an estimation of the "effective" infection rate α by optimization with w 1 =1, 218 w 2 =2, w 3 =2. Thus, we performed the simulations by setting β=0.063 and γ=0.01, and 219 as initial conditions one infected, zero recovered and zero deaths on November 16th 220 2019, and run until the 10th of February. The optimal, with respect to the reported 221 confirmed cases from the 11th of January to the 10th of February, value of the infected 222 rate (α) was ∼ 0.193 (90% CI: 0.191-0.195). This corresponds to a mean value of the 223 basic reproduction numberR 0 ≈ 2.6. Note that this value is different compared to the 224 value that was estimated using solely the reported data. As Figs 6,7 suggest, the forecast of the outbreak at the end of February, through the 231 SIRD model is characterized by high uncertainty. In particular, simulations result in an 232 expected number of ∼ 140,000 infected cases but with a high variation: the lower bound 233 is at ∼ 30,000 infected cases while the upper bound is at ∼ 700,000 cases. Similarly for 234 the recovered population, simulations result in an expected number of ∼ 77,000, while 235 the lower and upper bounds are at ∼ 21,000 and ∼ 185,000, respectively. Finally, 236 regarding the deaths, simulations result in an average number of ∼ 12,000, with lower 237 and upper bounds, ∼ 3,200 and ∼ 44,000, respectively.
238
However, as more data are released it appears that the mortality rate is lower than 239 the predicted with the current data and thus the death toll is expected, to be 240 significantly less compared with the predictions at least compared to the expected and 241 upper bounds. For our illustrations, we assumed that the number of infected is twenty times the 254 number of the confirmed infected and forty times the number of the confirmed 255 recovered people. Fig 9 depicts an estimation of R 0 for the period January 16-January 256 20. Using the first six days from the 11th of January to the 16th of January,R 0 results 257 in 3.2 (90% CI: 2.4-4.0); using the data until January 17,R 0 results in 3.1 (90% CI: 258 2.5-3.7); using the data until January 18,R 0 results in 3.4 (90% CI: 2.9-3.9); using the 259 data until January 19,R 0 results in 3.9 (90% CI: 3.3-4.5) and using the data until 
261
It is interesting to note that the above estimation of R 0 is close enough to the one 262 reported in other studies (see in the Introduction for a review). andγ should be attributed to the small size of the data and data uncertainty. This is 267 also reflected in the corresponding confidence intervals. As more data are taken into 268 account, this variation is significantly reduced. Thus,using all the (scaled) data from the 269 11th of January until the 10th of February, the estimated value of the case fatality ratio 270 γ now drops to ∼ 0.163% (90% CI: 0.016%-0.0167%) while that of the case recovery 271 ratio is ∼ 0.11 (90% CI: 0.099-0.12). It is interesting also to note, that as the available 272 data become more, the estimated case recovery ratio increases slightly (see Fig 10) , 273 while the case fatality ratio seems to be stabilized at a rate of ∼ 0.163%.
274
In Figs 11,12,13 , we show the coefficients of determination (R 2 ) and the root of 275 mean squared errors (RM SE), forR 0 ,β andγ, respectively.
276
The computed values of the "effective" per day mortality and recovery rates of the 277 SIRD model were γ ∼ 0.0005 and β ∼ 0.15 d −1 (corresponding to a recovery period of 278 ∼ 7 d). Note that because of the extremely small number of the data used the 279 confidence intervals have been disregarded. Instead, for the calculating the correspnding 280 lower and upper bounds in our simulations we have taken intervals of 20% around the 281 expected least squares solution. Hence, for γ we have taken the interval (0.00004 and 282 0.0006) and for β, we have taken the interval between (0.12 0.18) corresponding to an interval of recovery periods from 6 to 8 days.
284
Again, we used the SIRD simulator to provide estimation of the infection rate by 285 optimization setting w 1 = 1, w 2 = 400, w 3 = 1 to balance the residuals of deaths with 286 the scaled numbers of the infected and recovered cases. Thus, to find the optimal 287 infection run, we used the SIRD simulations with β = 0.15d −1 , and γ = 0.0005 and as 288 initial conditions one infected, zero recovered, zero deaths on November 16th 2019, and 289 run until the 10th of February.
290
The optimal, with respect to the reported confirmed cases from the 11th of January 291 to the 10th of February value of the infected rate (α) was found to be ∼ 0.3109 (90% 292 CI: 0.3106-0.3112). This corresponds to a mean value of the basic reproduction number 293 R 0 ≈ 2.
294
Finally, using the derived values of the parameters α, β, γ, we have run the SIRD 295 simulator until the end of February. The simulation results are given in Figs 14, 15, 16. 296 Solid lines depict the evolution, when using the expected (mean) estimations and cases (corresponding to ∼200,000 unscaled reported cases) in the total population with 303 a lower bound at ∼362,000 (corresponding to ∼18,000 unscaled reported cases) and an 304 upper bound at ∼ 15m cases. Similarly, for the recovered population, simulations result 305 in an expected actual number of ∼4.9m (corresponding to ∼122,000 unscaled reported 306 cases), while the lower and upper bounds are at ∼500,000 and ∼22m, respectively.
307
Finally, regarding the deaths, simulations under this scenario result in an average 308 number of ∼16,000, with lower and upper bounds, ∼1,154 and ∼116,000.
309 Table 1 summarizes the above results for both scenarios. 310 We note, that the results derived under Scenario II seem to predict a slow down of 311 the epidemic around the end of February as the cumulative numbers of infected 312 approaches a plateau.
313
Discussion
314
We have proposed a methodology for the estimation of the key epidemiological 315 parameters as well as the modelling and forecasting of the spread of the COVID-19 316 epidemic in Hubei, China by considering publicly available data from the 11th of 317 January 2019 to the 10th of February 2020.
318
By the time of the acceptance of our paper, according to the official data released on 319 the 29th of February, the cumulative number confirmed infected cases in Hubei was 320 ∼67,000, that of recovered was ∼31,300 and the death toll was ∼2,800. These numbers 321 are within the lower bounds and expected trends of our forecasts from the 10th of 322 February that are based on Scenario I. In Scenario II, by assuming a 20-fold scaling of 323 the confirmed cases of the infected cases and a 40-fold scaling of the confirmed number 324 of the recovered cases in the total population, forecasts show a significant decline of 325 outbreak in Hubei by 29th of February. This fact has been lately reported. Based on 326 this scenario the casefatality rate in the total population is of the order of ∼0.15%. At 327 this point we should note that our SIRD modelling approach did not take into account 328 many factors that play an important role in the dynamics of the disease such as the 329 effect of the incubation period in the transmission dynamics, the heterogeneous contact 330 transmission network, the effect of the measures already taken to combat the epidemic, 331 the characteristics of the population (e.g. the effect of the age, people who had already 332 health problems). Also the estimation of the model parameters is based on an 333 assumption, considering just the first period in which the first cases were confirmed and 334 reported. Of note, COVID-19, which is thought to be principally transmitted from 335 person to person by respiratory droplets and fomites without excluding the possibility of 336 the fecal-oral route [21] had been spreading for at least over a month and a half before 337 the imposed lockdown and quarantine of Wuhan on January 23, having thus infected 338 unknown numbers of people. The number of asymptomatic and mild cases with 339 subclinical manifestations that probably did not present to hospitals for treatment may 340 be substantial; these cases, which possibly represent the bulk of the COVID-19 341 infections, remain unrecognized, especially during the influenza season [22] . This highly 342 likely gross under-detection and underreporting of mild or asymptomatic cases for diagnosis based on clinical presentation, but only in Hubei province [14] . capacities for such level of medical care in Hubei province, or elsewhere in the world for 358 that matter, amidst this public health emergency may prove particularly challenging. 359 We hope that the results of our analysis contribute to the elucidation of critical aspects 360 of this outbreak so as to contain the novel coronavirus as soon as possible and mitigate 361 its effects regionally, in mainland China, and internationally.
362
Conclusion 363
In the digital and globalized world of today, new data and information on the novel 364 coronavirus and the evolution of the outbreak become available at an unprecedented 365 pace. Still, crucial questions remain unanswered and accurate answers for predicting the 366 dynamics of the outbreak simply cannot be obtained at this stage. We emphatically 367 underline the uncertainty of available official data, particularly pertaining to the true 368 baseline number of infected (cases), that may lead to ambiguous results and inaccurate 369 forecasts by orders of magnitude, as also pointed out by other investigators [1, 17, 22] . Table 1 . Model parameters, their computed values and forecasts for the Hubei province under two scenarios: (I) using the exact values of confirmed cases or (II) using estimations for infected and recovered (twenty and forty times the number of confirmed cases, respectively).
Estimations
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